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A B S T R A C T   
There is a divide in energy access studies, between technologically-focused modeling papers in engineering and economics, and energy justice frameworks and 
principles grounded in social sciences. Quantitative computational models are necessary when analyzing energy, and more specifically electricity, systems, as they 
are technologically-complex systems that can diverge from intuitive patterns. To assure energy justice, these models must be reflective of, and informative to, a wide 
range of stakeholders, including households and communities alongside utilities, governments, and others. Yet, moving from a qualitative understanding of pref-
erences to quantitative modeling is challenging. In this perspective piece, we pilot the use of the value-focused thinking framework to inform stakeholder 
engagement. The result is a strategic objective hierarchy that highlights the tradeoffs and the social, economic and technological factors that need to be measured in 
models. We apply the process in Ghana, using a survey, stakeholder workshops, and follow-up interviews to uncover key tradeoffs and stakeholder-derived ob-
jectives. We discuss three key areas that have been rarely, if ever, well-represented in energy models: (1) the relationship between the dynamics of electricity end-use 
and the technology and economic structure of the system; (2) explicit tradeoffs between electricity access, cost, and reliability as defined by stakeholders; and (3) the 
definition of new objectives, such as minimizing hazards related to theft. We conclude that this model of engagement provides an opportunity to tie together rigorous 
qualitative analysis and stakeholder engagement with crucial quantitative models of the electricity system.   
1. Introduction 
The transition from today’s inequitable carbon-intensive energy 
system to an equitable system based on renewable energy is one of the 
great challenges – and opportunities – facing humanity. Within the 
United Nations Sustainable Development Goal 7 (SDG 7), target 7.b is to 
“expand infrastructure and upgrade technology for supplying modern 
and sustainable energy services for all developing countries” [1]. Access 
to electricity leads to enhanced education, business, and healthcare 
opportunities, and overall improvement in quality of life; yet more than 
600 million people in sub-Saharan Africa (SSA) are without electricity 
[2]. It can be difficult to measure progress towards achieving SDG 7 due 
to the multi-faceted nature of energy consumption and services, as well 
as a lack of tangible metrics and benchmarks [3]. However, it is clear 
that in order to make progress, numerous hurdles must be overcome 
throughout modern power systems in the developing world, including 
meeting electricity demand, maintaining reliability, limiting negative 
environmental impacts, and ensuring that these goals are pursued and 
achieved in a way that benefits a diversity of stakeholders. 
Given the high level of technological complexity in the energy sys-
tem, scientifically- and technologically-grounded mathematical models 
are used to inform decision-making in this realm. There exists a wide 
body of energy models and tools that are commonly used to inform 
planning and operations of energy systems across a range of temporal 
and geographic scales. The International Renewable Energy Agency 
(IRENA) reviews and classifies many of these models and tools with a 
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specific focus on their application to understanding the role of renew-
able energy in emerging economies [4]. Several other studies have 
provided comprehensive reviews of energy planning models that are 
widely available and have been applied to systems around the world 
[5–7]. One such tool is integrated resource planning [8] in which elec-
tricity services during the planning period are satisfied using a least-cost 
combination of supply and end-use efficiency measures. Often these 
models incorporate concerns such as equity, environmental protection, 
and reliability. 
While we focus on the electricity system, the challenges we discuss 
are broadly relevant to all energy system models. For example, some 
models consider the entire energy system in a region, tracking individual 
resources (e.g. coal, oil, biomass) from extraction to conversion to end 
use (e.g. electricity, transportation, heat). These models may further 
consider land-use and agricultural issues as well as a host of other 
environmental considerations and are typically applied over decades- 
long planning horizons [9,10]. Widely used examples include 
MARKAL-TIMES [11,12] GCAM [13–15] LEAP [16] and MESSAGE [17] 
among many others. 
A subset of energy models focus more narrowly on the electricity 
sector, sacrificing breadth for increased depth of power system repre-
sentation. Some of these consider the general generation expansion 
problem (GEP), for example WASP [18] PLEXOS-LT [19] and OptGen 
[20] while others even more narrowly analyze power system operations 
without considering potential infrastructure investments or retirements. 
The so-called production cost models include PROMOD, EnergyPLAN, 
and GridView [21–23] among many others. Some of the planning 
models specifically target resource-limited settings such as SWITCH [24] 
electrification pathways [25,26] Open Source Energy Modeling System 
(OSeMOSYS) [27] Open Source Spatial Electrification Tool (OnSSET) 
[28] and Hybrid Optimization Model for Multiple Energy Resources 
(HOMER) [29]. 
While these models and tools discussed above collectively establish a 
diverse range of analytical capabilities that have been applied with 
success in recent years and decades, one common theme across many 
traditional energy system models is a general neglect of the important 
characteristics of developing countries, such as resource constraints, 
supply shortages, the predominance of informal economies [30] and the 
preferences of local stakeholders. One study [31] included qualitative 
results into energy systems modeling. It did not, however, elicit stake-
holder preferences on their specific objectives. This misses a direct 
integration of local stakeholder perspectives about objectives guiding 
their energy transition. 
Another class of models, found primarily in the academic literature 
on electricity planning in developing countries, addresses some of these 
issues, through simultaneously optimizing generation and transmission 
capacity [32–42]. These models address developing countries with less 
developed transmission infrastructure. They include a very small num-
ber of objectives that are typically system-cost based and are rarely, if 
ever, inclusive of stakeholder preferences. 
One approach aimed at including a range of preferences is multi- 
criteria decision analysis (MCDA; see [43–45]), which highlights 
tradeoffs between different objectives. These have the potential to better 
represent stakeholder preferences; but in practice are based on general 
objectives found in the literature [46]. Thus, a weakness of these models 
is how they have ignored the political factors that play dominant roles in 
successful electricity development in SSA [47]. 
The work presented in this paper is aimed at complementing and 
informing the energy models that are used to analyze and optimize the 
operations and planning of country-level electricity systems. Specif-
ically, we focus our stakeholder engagement on planning in the elec-
tricity sector. Results from this work are valuable because they can 
complement quantitative techno-economic analysis, by highlighting 
how the values of in-country stakeholders have been silenced in the 
energy transition space. This is necessary and essential to the energy 
planning space if nations wish to promote energy justice in their 
planning and work towards serving all communities. 
In a largely non-intersecting literature, there is a wide array of papers 
reviewing energy injustice around the world, which can occur at mul-
tiple scales [48] including local, national, and multi-national impacts. 
Jenkins et al. [49] review three core tenets of energy justice: 1) distri-
butional justice, relating to equal distribution of both the costs and 
benefits of the energy system; 2), recognition justice, relating to the fair 
representation of individuals; and 3) procedural justice, providing equal 
access to decision making processes. Sovacool et al. [48] review macro- 
scale injustices throughout Africa and suggest that the solution is to 
“facilitate community involvement and ownership of energy-related 
facilities.” One way to incorporate justice principles into the energy 
justice space is to incorporate the preferences of stakeholders from 
emerging economies into electricity planning models [50]. 
Our contribution to the literature is at the intersection of energy 
justice, stakeholder engagement, and electricity policy; and it is 
informed by the context of complex electricity planning models. Our 
work sheds light on stakeholder preferences related to energy solutions 
at local and national scales. This work provides a bridge between the 
social knowledge and the technical knowledge needed to plan the evolution 
of the power system. 
This paper describes the first step in a process for developing 
stakeholder-informed modeling and decision frameworks to improve 
sustainable and equitable electricity access across SSA. In Section 2, we 
introduce our case study location, and describe our approach to stake-
holder engagement through a decision-focused process, including sur-
veys, workshops, and individual interviews. Section 3 details the results 
of this engagement, including the strategic objective hierarchy. We 
conclude in Section 4 with a discussion of the importance of stakeholder 
engagement throughout the process of electricity planning and policy. 
2. Methods: increasing inclusivity through stakeholder 
engagement 
Our process consisted of multiple methods with a focus on stake-
holder integration into the process [51]. We combine three research 
methods – surveys, qualitative research, and case study – with the 
intention of complementing and informing a fourth – quantitative en-
ergy modeling. Specifically, our methods include 1) design and 
deployment of stakeholder surveys, 2) convening of in-person stake-
holder workshops to facilitate group discussion, and 3) individual one- 
on-one semi-structured interviews to solicit candid stakeholder objec-
tives and feedback. The entire process was designed in the context of a 
shared theoretical approach to achieve transdisciplinary [52]. The 
approach is grounded in value-focused thinking and consists of eliciting 
and structuring objectives for eventual use in models and other decision 
making processes. We start this section by discussing Ghana as the case 
study, briefly overviewing value-focused thinking, and then describing 
our three methods of engagement. 
2.1. Case study: the electricity system in Ghana 
Ghana is located in West Africa with a population of approximately 
29 million and a GDP of US$ 66 billion [53]. As of 2018, Ghana had 
4,889 megawatts (MW) of installed generation capacity, generating 16 
terawatt-hours (TWh) of electricity annually. Electricity demand in 
Ghana is satisfied by thermal generation (58%), hydroelectric genera-
tion (40%), imports (<2%), and solar (<1%) [54]. Ghana has a target of 
generating at least 10% of its electricity from renewable technologies by 
2030, where “renewable” does not include large hydro. To achieve this 
target, the country has drawn up an ambitious renewable energy master 
plan that aims to add about 200 MW in small hydro and marine hy-
drokinetic plants, 741 MW of solar, 327 MW of wind, and 122 MW of 
biomass [55]. 
Ghana was selected as the initial location to apply our methodology 
for two reasons. First, while Ghana still faces a number of challenges 
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related to improving the reliability of its power system and ensuring 
equitable energy access, it also provides a relative success story in SSA. 
The electrification rate in Ghana is 90% in urban areas and 65% in rural 
areas [53] and both are well above the average rates in SSA. However, 
despite this success in improving electricity access, particularly in recent 
years, the country also faces a number of challenges that are similar to 
those present in other SSA countries. In 2014, Ghana faced a severe 
power crisis, prompting the construction of a 470 MW emergency 
thermal power plant, using heavy fuel oil, located on a ship. This helped 
resolve the power crisis, but it was expensive and sacrificed holistic 
long-term planning objectives to meet urgent short-term needs. 
Second, Ghana maintains a stable democracy (ranked fourth among 
the seven SSA countries classified as free by the 2020 Freedom House 
report [56] and has more policy continuity than the majority of SSA 
nations [57]. The government is committed to improving electricity 
access for its entire population through sustainable means, as evidenced 
by the renewable generation target. Therefore, the case of Ghana can 
help in understanding tradeoffs between the views of the population and 
those of the government with respect to the energy transition, and the 
analysis provides a logical testbed for our approach before attempting 
implementation in countries facing more constraints and challenges. 
Ghana is fairly typical in the dualism of its socio-economic structure. 
In the energy space in SSA, there tends to be distinct agencies respon-
sible for urban and rural electrification. Ghana conforms to that model, 
with one agency serving the urban South while another serves the rural 
North. Therefore, the policy implications from our study have general 
application to the agencies promoting electrification in urban and rural 
areas elsewhere in SSA. 
2.2. Value-focused thinking and strategic objective hierarchies 
Value-focused thinking (Keeney [58]) is a framework that puts a 
priority on understanding stakeholder preferences as a first step in a 
decision problem. Objectives are based on values, which are defined as 
the “principles used for evaluation…to evaluate consequences of action 
or inaction” [58]. For example, values might include social justice or air 
quality. Objectives begin to operationalize values, stating the directional 
goals, such as “maximize social justice.” Once preferences are clearly 
represented in the form of specific objectives, they can be used to 
generate creative alternatives aimed at satisfying preferences. Mathe-
matical models are then designed around these preferences and alter-
natives, using the best available information to tie the outcomes of 
alternatives to preferences. While technological constraints are fairly 
well-represented in electricity planning models, the same is not true for 
representing preferences [59]. This is similar in concept to what Tar-
ekegne [60] calls the “means-end” distinction. Most electricity planning 
has focused on “means”, or what we call alternatives, such as the type of 
generation. Tarekegne, echoing Keeney, argues that planning should 
instead focus on “ends” or what we call values. 
In this paper, we pilot the use of value-focused thinking to ensure 
that equity and energy justice are at the forefront of local and national 
decisions regarding electricity system design. A key tool in this frame-
work is the Strategic Objective Hierarchy, a visual method for struc-
turing objectives – see Siebert et al. [61] for a recent application of 
objective hierarchies to terrorism. This method is new to the field of 
energy justice and electricity access. It has been used in a top-down 
expert-based analysis of energy efficiency [62]; and, most similar to 
ours, in a paper on structuring the energy objectives of West Germany 
[59]. While this latter paper included engagement with representatives 
from a range of communities, it differs from our work in our focus on 
energy justice and giving voice to stakeholders in developing countries, 
as well as our focus on informing complex energy models used to design 
the electricity system. This method is particularly useful when applied to 
energy justice, as this is a complex multi-dimensional concept that re-
quires input and voice from affected stakeholders and communities. 
In this paper we introduce our model by presenting the results of a 
pilot project in Ghana. We developed a Strategic Objective Hierarchy 
that can help inform a wide range of decision problems aimed at 
improving the electricity system in Ghana, and highlight places where 
key preferences have not been included in modeling projects. A benefit 
of this method is that it is a step in the process of translating qualitative 
findings about preferences into quantitative decision models. 
Identifying and structuring strategic objectives provides a founda-
tion for a range of decision problems related to the electricity system. 
Strategic objectives are structured into a hierarchy, where high-level 
values – for example, maximizing social justice – are associated with 
more specific objectives. This enables the derivation of a set of metrics 
that can be implemented into models to measure how well the objective 
is being achieved. In order to implement a preference into a model, it 
must be rigorously measurable. Thus, defining a strategic objective hi-
erarchy based on stakeholder engagement is a crucial step in imple-
menting stakeholders’ preferences into the mathematical models that 
inform the complex decisions in the electricity system. 
2.3. Stakeholder engagement methods 
2.3.1. Surveys 
The first step in our stakeholder engagement process was the design 
and implementation of a survey to gather opinions from electricity 
stakeholders on issues related to electricity access, sustainability, op-
portunities afforded by electricity access, and preferences regarding 
quantity and quality of electricity supply. The survey had 18 questions 
that asked the respondents to prioritize energy transition objectives, and 
provide opinions on challenges facing the energy system in Ghana (see 
Appendix A). The survey was first administered in Accra by research 
assistants from the University of Ghana who assisted the respondents in 
filling out the forms where necessary, and achieved a 100% response 
rate, with 71 respondents. The survey was also administered at two in- 
person workshops (described further in Section 2.3.2) convened in Accra 
and Tamale with 20 and 18 respondents, respectively. The pre-workshop 
survey was gender-balanced, (50% female), while the workshop surveys 
were less so (37% and 18% female in Accra and Tamale). All of the 
survey respondents had an electricity connection in their home. Table 1 
shows the breakdown of stakeholder groups. 
2.3.2. Stakeholder engagement workshops 
The second step was the convening of two stakeholder workshops in 
two regions of Ghana to capture the differing views of urban and rural 
dwellers regarding the optimal development pathways for a sustainable 
electricity system. The first was held on August 13, 2019 in the capital 
city of Accra in the South, representing an urban population, and the 
second on August 15, 2019 in the smaller regional hub city of Tamale in 
the North, representing a rural, community-oriented population. 
The aim of the workshops was to engage stakeholders in a process of 
assessing preferences and values, as well as framing the most pressing 
Table 1 










Government 25 44 11 
Academics 25 11 28 
NGO 8 6 11 
Power Generation 10 17 6 
Power Utility 10 17 22 
Community 
Stakeholder 
4 5 11 
Business 11 0 11 
Other 7 0 0 
Percent Female 50 37 18  
Total Observations 71 20 18  
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and salient issues in the Ghana electricity system. We employed value- 
focused thinking techniques to explore the range of values held by 
stakeholders related to electricity transitions. Having a wide range of 
stakeholders also provided the context of specific energy, economic, 
cultural, and social systems in Ghana. Fig. 1 outlines the activities un-
dertaken in each workshop. 
The Accra workshop was attended by representatives of public 
agencies, community leaders, industrialists, power producers, and aca-
demics. There were 41 participants in total, of which 20 stayed for the 
entire duration. The Tamale workshop was attended by 18 stakeholders 
including community representatives, representatives from business, 
the Northern Electricity Distribution Company (NEDCo), and local 
chiefs. 
2.3.3. One-on-one discussions 
The third step involved holding one-on-one semi-structured in-
terviews with a selection of stakeholders to get better context to the 
results from the previous two steps. Meetings were held in November 
2019 with representatives of the organizations displayed in Table 2. 
The interviews focused on four key areas, inspired by results from the 
Accra and Tamale workshops. First, we discussed the surprising finding 
that reliability was more pertinent to stakeholders in Northern Ghana 
while cost was more salient to those in the South. We asked the par-
ticipants to provide their interpretation of this result. Second, we asked 
more general questions about the preferences in Ghana regarding the 
tradeoff between cost and reliability. Third, we asked questions related 
to preferences for prioritizing electricity consumption for productive 
revenue-generating activities (i.e., industrial and commercial) 
compared to providing energy services to end users to directly improve 
their quality of life, with a specific question on the importance of elec-
tricity in schools. Fourth, we asked about their understanding of the 
plans for financial sustainability of the electricity system in Ghana. We 
then allowed the discussion to progress following the participants’ 
discretion. 
3. 3 Results: lessons from stakeholders in Ghana 
3.1. Uncovering strategic objective hierarchy 
The goal of this research endeavor was to amplify the voices of local 
community leaders and other electricity stakeholders in Ghana. This 
Fig. 1. Activities undertaken in each workshop.  
Table 2 
Organizations involved in stakeholder one-on-one interviews.  
Organization Name Location Sector Description 










Accra Government Regulation, management, 
development and 
utilization of energy 
resources in Ghana 
Electricity Company 
of Ghana Ltd 
(ECG) 




Accra Government Manages Programs 









Tamale Community A community in the 
Northern Region 
NewEnergy NGO Tamale NGO Provides training and 
services to rural 
communities in the areas 
of renewable energy, 
environmental 
conservation, micro- 





Tamale Power Utility Retail service provider  
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involved eliciting the stakeholder value structure for energy transition 
objectives. A strategic objective hierarchy is a graphical representation 
of the underlying objectives of stakeholders. Fig. 2 shows the strategic 
objective hierarchy that was developed based on stakeholder input 
during the workshops, highlighting objectives identified through the 
stakeholder engagement process. 
One uncovered objective addressed the definition of reliability, 
clarifying that increasing outage predictability is as important as 
reducing outage frequency. Another led to a rethinking of economic 
priorities. Stakeholders noted that Ghana currently has excess supply of 
power in the South and therefore suggested shifting objectives away 
from broadly maximizing generation capacity and towards ensuring 
productive, revenue-enhancing use of existing resources. Thus, one 
objective was dropped, and another developed around ensuring that 
available generation capacity is aligned with peak demand levels. In the 
South, this implies increasing peak demand, whereas in the North it 
might imply developing additional generation capacity. 
During the workshops a number of social objectives were uncovered, 
including greater community understanding of the electricity system; 
thus attention should be paid to increasing education, competences, and 
capabilities around the energy system [63]. Crimmina et al. [70] provide 
a recommendation for educating energy managers that might be 
adapted more broadly for tertiary education. In addition, the safety of 
individuals was a prominent topic of discussion in the North. In many 
Fig. 2. Strategic Objective Hierarchy for Energy Transitions in Ghana. Blue boxes represent objectives suggested by the research team based on the pre-workshop 
survey. Clear boxes are objectives identified by participants during the workshops. The grey box was eliminated based on workshop outcomes. 
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cases, households extend an illegal line from a neighboring household to 
their own, thereby creating health and safety risks. These cables are 
often shallowly buried or supported by small sticks. As a result, it is not 
uncommon for livestock and even people to be killed by electricity 
transmitted through water that collects on the ground in the rainy 
season. 
Finally, while the stakeholders agreed that the environmental ob-
jectives proposed by the research team were reasonable, these objectives 
did not come up of their own volition in the workshops or follow-on 
interviews. The environmental objectives appear to be mostly prior-
ities of outsiders and not of high priority to stakeholders within Ghana to 
whom we spoke (See [64] for another example of this). This is consistent 
with evidence showing a dearth of renewable energy in Africa, despite 
Government-stated goals [65]. This opens the possibility of comple-
mentarity, where outside stakeholders invest in renewable energy to 
further their environmental goals (e.g., reducing global emissions), 
while simultaneously addressing higher priorities for stakeholders 
within Ghana, such as improving reliability or increasing electricity 
access. 
3.2. Financial sustainability versus broader sustainability goals 
A major result from the stakeholder engagement process is the un-
veiled divide between long-term financial sustainability and other social 
sustainability objectives. This result encompassed two key issues: pro-
ductive uses of electricity and subsidy challenges. 
3.2.1. Productive uses of electricity versus improved quality of life 
In the Accra workshop, there was a strong emphasis on finding 
productive uses of electricity that directly generate revenue. This is 
related to general goals of economic growth, but also to financial sus-
tainability for the electricity system. Participants felt that if consumers 
were directly generating revenue from electricity, they would be more 
amenable to unsubsidized tariffs. 
In contrast to this discussion theme, survey results indicated that 
participants considered providing support for education the most 
important aspect of electricity access, mainly in the form of lighting for 
schools and households. For example, Fig. 3 shows that all three groups 
identified students’ ability to study at night as the top benefit of low-cost 
energy access. 
While the participants agreed that electricity is of high relevance to 
education, one of the participants challenged the research team to 
remember that “electrification needs to be more than just lighting.” This 
speaks to the perspective that lighting is only one of the many possible 
benefits provided by electricity, and the hope of stakeholders that 
electricity will also be used as a method to increase economic devel-
opment and industrialization. 
3.2.2. Challenges of subsidies 
There was a tension in nearly all discussions between wanting to 
keep tariffs low for industry, high-consumption users, and low-income 
consumers, versus having tariffs that actually cover the cost of elec-
tricity. It was repeatedly claimed that tariffs in surrounding nations were 
lower, and thus Ghanaian firms are at a competitive disadvantage. 
Interestingly, the evidence does not fully support this belief, which was 
widely-held among participants. According to AfDB and ERERA [66] 
Ghana has the 3rd lowest end-user tariff (including taxes and charges) 
for all but Medium Voltage end-users in West Africa, including a tariff 
lower than all neighboring states. Even at Medium Voltage, which 
provides a good estimate for prices to businesses, Ghana has the 5th 
lowest tariff in West Africa (taxes and charges included), at 19.7 cents 
per kWh, slightly higher than the neighboring countries of Cote d’Ivoire 
and Burkina Faso at 17.3 and 18.8 cents/kWh respectively. Another 
common concern was that tariffs were high enough to keep some firms 
out of business, especially small entrepreneurs. 
Government officials often pointed to a long-term strategy of running 
the electricity system at a loss now, with plans to make up the lost 
revenues through economic growth in the future. This can be seen 
through the government’s aggressive push to connect homes to the na-
tional grid. From 1991 to 2002 the number of households connected to 
the national grid increased from 946,200 (28.5% of the 3.32 million 
households) to 1,625,000 (43.8% of the 3.71 million households). This 
Fig. 3. Benefits from Electricity Access. The bars show the percentage of respondents who chose the response as one of their four choices.  
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was further increased to 3,595,000 (64.2% of 5.60 million households) 
connected to the national grid in 2010. In 2018 the household connec-
tion rate was 84.3%, which is expected to further increase due to the 
government’s actions supporting its universal connection target for 
2020 (Energy Commission of Ghana, 2019c). 
Finally, the existence of separate utilities in the North and South is 
causing financial challenges and appears to be at odds with the goal of 
universal energy access. In particular, electricity tariffs in Ghana are 
cross-subsidized with the intention that the higher-consumption con-
sumers subsidize the low-consumption consumers. For example, resi-
dential customers are charged an energy rate of GHp 16.31/kWh for 
monthly consumption up to 50 kWh; and increasingly higher rates for 
higher blocks of energy [67]. Participants believed that an unintended 
consequence of the pricing structure is that it implicitly discourages 
consumers from increasing their use of electricity. Most pressing, in the 
North, there are simply not enough high-consumption consumers to 
cover the subsidies. Thus, the northern utility runs at chronic losses. 
3.3. Reliability versus costs 
A surprising result was that participants in the North, a much poorer 
region, placed a higher priority on reliability than participants in the 
South, a region with higher income and higher concentration of in-
dustries. On the other hand, cost was a higher priority in the South. 
Fig. 4 details the energy transition priorities for the various survey re-
spondents. In the South, considering the combined pre-workshop survey 
and the Accra workshop survey, roughly twice as many respondents (65 
vs. 32) ranked cost as most important compared to reliability. In the 
North this is reversed, with almost three times as many (16 vs. 6) 
ranking reliability as most important compared to cost. 
Fig. 5 further illustrates these concerns over cost and reliability. In 
Accra, tariffs and fuel prices were mentioned often, whereas in Tamale, 
reliability was a more prevalent theme. These concerns were mirrored in 
the workshop discussions, particularly in the South, where cost and 
competitiveness were prominent topics of conversation. 
Follow-up interviews shed some light on the cost-reliability tradeoff. 
All interviewed stakeholders were concerned about both reliability and 
cost. However, since 2015, following the contract for electricity from 
Karpowership, electricity in the South has been much more reliable, but 
more expensive. 
In the North, on the other hand, the majority of the consumers fall 
within the subsidized 0–50 kWh bracket, and therefore cost may not be 
as pressing of an issue to these consumers despite their generally lower 
income. This leads, however, to the electricity system operating at a 
sustained loss due to the high costs of connecting sparsely populated 
communities and a customer base of predominantly low-income cus-
tomers. A primary component of the government’s effort to achieve 
universal connection by 2020 has been investment in north–south 
transmission lines. However, the combination of low maintenance 
budgets and long lines lead to frequent outages. For example, in Accra 
58% of respondents reported fewer than two electricity disruptions per 
week, while in Tamale 72% reported two or more. Thus, in our work-
shops and interviews, reliability concerns in the North were more 
salient. Such differing views on the cost-reliability tradeoff was a pri-
mary theme of these workshops. 
Thus, it may be the case that the South has come to take reliability for 
granted and would like to reduce costs, while the North has come to take 
low cost for granted and would like to improve reliability. This could 
indicate a more general behavioral trend where stakeholders tend to 
prioritize actions that improve perceived negative aspects of the status 
Fig. 4. Priorities for improving the quality of life for the people of Ghana through improvements in the electricity system. Bars show the number of people who 
ranked the priority as most important. 
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quo, rather than actions that maintain perceived positive aspects of it. 
3.4. Clear communication 
The workshop in the North focused strongly on consumer confusion 
over the tariffs. This confusion was particularly pronounced under a 
previous tariff system, which offered a subsidized rate for the first 50 
kWh of monthly consumption; but if consumption exceeded 50 kWh, an 
unsubsidized rate was retroactively charged for the first 50 kWh as well 
as any additional consumption. This caused one of the chiefs at the 
Tamale meeting to exclaim “we feel cheated!”. The one-on-one meetings 
confirmed that this tariff system has now been changed to a more 
standard system without retroactive charges. Nevertheless, our 
engagement indicates that great distrust still exists between consumers 
and the utilities [68]. Additionally, people were generally displeased 
with increases in tariffs or fees for electricity-consuming services, such 
as grinding corn at mills. The challenges of electricity education and 
communication with the public are exacerbated by the high illiteracy 
rate in the North (76%). 
One stakeholder suggested the adoption of utility-led community 
meetings designed to educate the local people on electricity and pricing 
structures. One chief gave an example of a community meeting where 
grinding mill proprietors explained how their fees were affected by 
rising electricity prices, and patrons explained how the increased fees 
were causing hardships. In the end a compromise was reached. Consis-
tent with the chief’s ideas, there is evidence in the literature that there 
would be greater community support and understanding if the utility 
company met with communities to discuss tariff structures and payment 
processes [69,70]. Studies have shown that community engagement 
with stakeholders in the energy industry can result in widespread 
acceptance of energy technology and better understanding of energy 
policy in the community [71–74]. It is plausible that this could in turn 
lead to greater consumption, more timely bill payment, and increased 
utility revenues to support infrastructure maintenance and investment. 
4. Conclusions 
In global electricity transitions, there is a grand opportunity to 
design systems that are equitable and promote social and economic 
development for all segments of society. We present the outcomes from 
an engagement process designed to elicit and represent the electrifica-
tion objectives of key stakeholders in the public and private sector in 
Ghana. 
The overarching conclusion is the need for stakeholder engagement 
throughout the planning, policy and implementation process. We focus 
on how the results of these engagements can inform what planners and 
policymakers measure and model. We have highlighted a number of 
important tradeoffs that are not typically seen in electricity planning 
models or even in the MCDA models that explicitly incorporate multiple 
criteria. 
First, we found that stakeholders did not bring up environmental 
objectives on their own. Stakeholders agreed, when probed, that envi-
ronmental concerns are important. However, the lack of initiation of this 
topic highlights the priorities of communities in rural areas: environ-
mental issues are secondary to reliable electrification. There is a disso-
nance between local in-country stakeholder objectives, and objectives 
laid out by the international community, such as SDG7 with its strong 
environmental connotations. 
Second, related to this, when uncovering local stakeholder objectives 
we also saw the emergence of new objectives that are rarely – perhaps 
never – implemented in either optimization or MCDA electricity plan-
ning models; most specifically the objectives of maximizing safety and 
minimizing electricity theft. Kumar et al. [46] present a detailed list of 
criteria used in top-down energy-related MCDA models. Of 30 studies, 
only 3 of 145 criteria listed involve safety, and none were related to 
theft. It is challenging for empirical researchers to collect relevant data 
at the intersection of technological, social, and economic understanding, 
and for modelers to represent these objectives in quantitative models. 
For example, it is important to understand the relationship between 
tariff structures, the physical infrastructure, and incentive and oppor-
tunity for theft, and how likely different combinations are to lead to life- 
threatening outcomes. 
Fig. 5. Stakeholder responses to an open ended question on “challenges facing the Ghana electricity system” from the Accra and Tamale Surveys.  
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Third, we found a strong interest in developing business or planning 
models related to productive, revenue-generating uses of electricity. 
However, stakeholders perceived an important tradeoff between utiliz-
ing electricity to provide direct consumer benefits – such as residential 
lighting – and the dynamic economic benefits of productive, revenue- 
generating consumption. Explicitly recognizing this tradeoff will 
impact all levels of electricity system development, from initial gener-
ation, distribution and transmission planning to market and tariff 
design, and other policies’ implementation. A related tradeoff exists 
between stimulating near-term economic activity with low costs while 
also ensuring the long-term financial sustainability of the system. Very 
few electricity planning models account for the dynamic economic im-
pacts of prioritizing revenue-generating uses of electricity through pol-
icies and/or targeted tariff design. This is at least partly because the 
empirical basis for understanding these dynamics is weak [75]. Thus, 
future work is needed to expand this empirical basis and to develop 
models accordingly. 
Fourth, we identified a common interest in the tradeoff between cost, 
reliability, and access. This is tightly tied to questions about tariff 
structures and subsidies. Subsidies make electricity more affordable to 
low-income residents, but reduce revenues that can support reliability, 
thereby challenging long-term financial sustainability [76]. This trade-
off is important as it relates to prioritizing infrastructure investments, 
particularly when resources are limited. Countries must prioritize 
among possible capital investments – e.g. household connections, 
transmission lines, transformers, generation capacity in various regions, 
maintenance, environmentally sustainable technologies, and others. 
While these aspects are often included in some fashion in planning 
models, it is most typically through cost-minimization combined with 
reliability and access constraints. However, such an approach may be 
insufficient in developing countries where load curtailment occurs 
regularly – and inequitably – throughout the power system, and where 
energy access rates are well below 100%. Furthermore, traditional 
planning models often assume static system maintenance costs, without 
considering the possibility that increased maintenance may improve 
system reliability and reduce replacement costs over the long run. Our 
results indicate that these tradeoffs and other specific stakeholder 
preferences should be incorporated into planning models. 
Finally, the identified need for better communication between 
communities and utility companies underlies the need for stakeholder 
and community engagement at all levels, from two-way communication 
in developing solutions, continuing through engaging communication 
strategies throughout the process. 
Beyond the implications for modeling and empirical research, some 
policy implications were identified. First, policies that support large 
scale investments in agricultural electrification in rural communities 
could generate revenues through increasing agricultural output 
[77–79]. If successful, this would provide the backbone infrastructure 
needed to support residential and commercial electrification efforts. 
Second, complementarities exist where coordinated investments in off- 
grid renewable generation might achieve the parallel objectives of 
both developing countries like Ghana (access, cost, reliability) and 
external stakeholders (reducing global emissions); Gujba et al [80] for 
example, review a number of climate-oriented international funders 
who have invested in energy access. Finally, stakeholders universally 
identified the importance of electricity in education, indicating that 
school electrification should be prioritized, especially in the rural area, 
to reduce urban–rural education gaps [81]. 
This first application of this framework has some caveats and need 
for future research. The stakeholders were largely limited to a sample of 
convenience; in particular there was more representation of commu-
nities in the rural north than in the more developed urbanized south. 
Electricity planning is part of a larger whole; yet in order to get 
actionable information, values, and objectives, it is necessary to limit the 
scope. Thus, some important interactions with other systems, such as oil 
and gas or transportation, may have been missed. 
The study uses a sample too limited to be nationally representative. 
Care has been taken to be cautious in the interpretation of results. 
However, given that the sample covers representatives from a broad 
spectrum of sectors, we believe the results and interpretations are 
plausible. It is left for further research using large samples to confirm the 
robustness of our findings ahead of actual policy action by the 
authorities. 
There is a grand opportunity for government, academia and industry 
to work with consumers to design power systems that are environmen-
tally and economically sustainable, while also providing services equi-
tably to all segments of the population. 
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